AD-A156  223 


NATIONAL  PROGRAM  FOR  INSPECTION  OF  NON-FEDERfiL  DAMS 
CHINA  DAM  CNH  00023)  (  .  <U>  CORPS  OF  ENGINEERS  WALTHAM 
MA  NEW  ENGLAND  DIV  MAR  79 


UNCLASSIFIED 


F/G  13/13 


NL 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OT  STANDARDS  I%.T  A 


AD- A 156  223 


nrnnonucrn  ai  c.nvi  iinmi’ni  -  >  i  ,'wv 

. ~  & 

MERRIMACK  RIVER  BASIN 
ALLENSTOWN  -  PEMBROKE,  NEW  HAMPSHIRE. 


CHINA  DAM 

NH  00023 
NHWRB  190.01 


PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 


DEPARTMENT  OF  THE  ARMY 
NEW  ENGLAND  DIVISION,  CORPS  OF  ENGINEERS 
WALTHAM,  MASS.  02154 


MARCH  1979 


Mr.NT 


I  ^  V  ill  public  releQMl 


Diiiri'V.iiou 


Unlimited 


85  06  10  0 9  2 


OTIC  FILE  COPJf 


REPRODUCED  AT  GOVERNMENT  EXPENSE 


DISCLAIMER  NOTICE 

THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DTIC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


SECURITY  CLASSIFICATION  of  This  PACE  fWhmn  Dm  la  kntttmd) 


REPORT  DOCUMENTATION  PAGE 


t.  report  number 


NH  00023 


4  TITLE  land  Submit) 

China  Dam 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


2.  GOVT  ACCESSION  NO.I  1.  RECIPIENT'S  CATALOG  NUMBER 


S.  TYPE  OF  REPORT  A  PERIOO  COVEREO 


INSPECTION  REPORT 


NATIONAL  PROGRAM  FOR  INSPECTION  OF  NON-FEDERAL 


wain 


AUTHOR(i| 


U.S.  ARMY  CORPS  OF  ENGINEERS 
NEW  ENGLAND  DIVISION 


».  PERFORMING  organization  name  and  address 


6  performing  org.  report  NUMBER 


S.  CONTRACT  OR  GRANT  NUMBER! •> 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  *  WORK  UNIT  NUMBERS 


12.  REPORT  DATE 


I  1.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

DEPT.  OF  THE  ARMY,  CORPS  OF  ENGINEERS 

NEW  ENGLAND  DIVISION,  NEDED 

424  TRAPELO  ROAD,  WALTHAM,  MA.  02254 


4.  MONITORING  AGENCY  NAME  A  ADDRESS!!!  dlltarant  Item  Controlling  Olllcm)  I  IS.  SECURITY  CLASS,  (o I  thlm  rmport) 


March  1979 


IS.  NUMBER  OF  PAGES 


UNCLASSIFIED 


19a.  DECLASSI  FI  CATION/ DOWN  GRADING 
SCHEDULE 


is.  DISTRIBUTION  STATEMENT  (Ol  thlm  Raporlj 


APPROVAL  FOR  PUBLIC  RELEASE:  DISTRIBUTION  UNLIMITED 


17.  DISTRIBUTION  STATEMENT  (al  III,  ahmtta el  antarad  In  Hack  iO,  II  dlllaranl  tram  Raporlj 


it.  supplementary  notes 

Cover  program  reads:  Phase  I  Inspection  Report,  National  Dam  Inspection  Program; 
however,  the  official  title  of  the  program  is:  National  Program  for  Inspection  of 
Non-Federal  Dams;  use  cover  date  for  date  of  report. 


19-  KEY  WOROS  (Continue  on  rvvtrat  oido  it  no coooory  end  Identity  by  block  number) 

DAMS,  INSPECTION,  DAM  SAFETY, 

Merrimack  River  Basin 
Allenstown-Pembroke,  New  Hampshire 
Suncook  River 


20.  ABSTRACT  (Continue  on  roeoreo  eide  It  necooomry  end  Identity  by  block  mmber) 


The  dam  is  a  concrete  gravity  dam  with  a  total  length  of  about  275  ft.  and  a 
height  of  29  ft.  It  is  small  in  size  with  a  low  hazard  potential  classification 
The  spillway  is  a  run  of  the  river  structure  having  a  total ilength  of  147  ft. 
and  a  height  of  about  22  ft.  The  drainage  area  of  the  dam  is  259  square  miles 
moderately  to  steeply  sloping  forsted  terrain. 


DO  1473  EDITION  OF  I  NOV  *9  It  OBSOLETE 


DEPARTMENT  OF  THE  ARMY 


NEW  ENGLAND  OIVtSION.  CORPS  OF  ENGINEERS 


■A  <■*>.' 
r  - v  vj 


424  TRAPELO  ROAD 


WALTHAM.  MASSACHUSETTS  02154 


/  -  V--  VJ 

v  V  ' 


V-V-V' 
B  v  - .  ■  * .  . 


REPLY  TO 
ATTENTION  OF: 


NEDED-E 


JUN  2  9  1979 


Thomas  Hodgson  and  Sons,  Inc. 
Canal  Street 

Suncook,  New  Hampshire  03275 


Gentlemen: 


Forwarded  herewith  for  your  information  and  use  is  a  copy  of  the  Phase 
I  Inspection  Report  on  the  China  Dam.  This  inspection  was  made  under 
the  authority  of  Public  Law  92-367  by  the  firm  of  Goldberg,  Zoino, 
Dunnlcliff  &  Associates,  Inc.,  Newton  Upper  Falls,  Massachusetts  under 
the  direction  and  supervision  of  Corps  of  Engineers.  Copies  of  the 
finished  report  have  been  forwarded  to  the  Governor  and  the  Water 
Resources  Board,  the  cooperating  agency  for  the  State  of  New  Hampshire. 


Section  7  of  the  report  contains  an  evaluation  and  recommendations.  If 
you  have  any  questions  concerning  this  report,  we  suggest  that  you 
contact  the  Water  Resources  Board  first.  Then,  if  there  are  further 
questions  contact  the  Project  Management  Branch,  Engineering  Division 
of  this  office.  We  thank  you  for  your  cooperation  and  assistance  in 
carrying  out  this  program. 


v!  >S'N-Vv 


►Y-V-Y-YY'. 


Sincerely  yours, 


Incl 

As  Stated 


*  JOE  B.  FRYAR 


-V-  •• 

>  v  v 


Chief,  Engineering  Division 


fY-AA-vY 

'  V.V  .% 


•  •••••••• 


'  •'  '  v.  '•  / 


v  ‘  *. 


'  ■*  1  O  .  *  -  '  .  “  -  *  .  1  - 


DEPARTMENT  OF  THE  ARMY 

NEW  ENGLAND  DIVISION,  CORPS  OF  ENGINEERS 
424  TRAPELO  ROAD 
WALTHAM,  MASSACHUSETTS  02154 

ATTENTION  OF: 

NEDED-E 

JUN  2  9  1979 


Mr.  George  M.  McGee,  Sr. 

Chairman,  New  Hampshire  Water  Resources  Board 
State  of  New  Hampshire 
Concord,  New  Hampshire  03301 


Dear  Mr.  McGee: 

Forwarded  herewith  for  your  information  and  use  is  a  copy  of  the  Phase 
I  Inspection  Report  on  China  Dam.  This  inspection  was  performed  in 
accordance  with  Public  Law  92-367  under  the  direction  of  the  Corps  of 
Engineers.  Copies  of  the  finished  report  have  been  forwarded  to  the 
Governor  and  the  owner.  We  thank  you  for  your  cooperation  and  assist¬ 
ance  in  carrying  out  this  program  and  hope  this  report  will  help  you 
to  develop  an  effective  dam  safety  program. 


Sincerely  yours. 


Incl  ~  JOE  B.  FRYAR  ' 

As  stated  Chief,  Engineering  Division 
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ATTENTION  OF: 

NEDED 


DEPARTMENT  OF  THE  ARMY 

NEW  ENGLAND  DIVISION.  CORPS  OF  ENGINEERS 
424  TRAPELO  ROAD 
WALTHAM.  MASSACHUSETTS  02J54 


JUN  2  9  1379 


Honorable  Hugh  J.  Gallen 

Governor  of  the  State  of  New  Hampshire 

State  House 

Concord,  New  Hampshire  03301 


Dear  Governor  Gallen: 

I  am  forwarding  to  you  a  copy  of  the  China  Dam  Phase  I  Inspection 
Report,  which  was  prepared  under  the  National  Program  for  Inspection  of 
Non-Federal  Dams.  This  report  is  presented  for  your  use  and  is  based 
upon  a  visual  inspection,  a  review  of  the  past  performance  and  a  brief 
hydrological  study  of  the  dam.  A  brief  assessment  is  included  at  the 
beginning  of  the  report.  I  have  approved  the  report  and  support  the 
findings  and  recommendations  described  in  Section  7  and  ask  that  you 
keep  me  informed  of  the  actions  taken  to  implement  them.  This  follow-up 
action  is  a  vitally  important  part  of  this  program. 

A  copy  of  this  report  has  been  forwarded  to  the  Water  Resources  Board, 
the  cooperating  agency  for  the  State  of  New  Hampshire.  In  addition,  a 
copy  of  the  report  has  also  been  furnished  the  owner,  Thomas  Hodgson  and 
Sons,  Inc.,  Canal  Street,  Suncook,  New  Hampshire  03275. 

Copies  of  this  report  will  be  made  available  to  the  public,  upon 
request,  by  this  office  under  the  Freedom  of  Information  Act.  In  the 
case  of  this  report  the  release  date  will  be  thirty  days  from  the  date 
of  this  letter. 

I  wish  to  take  this  opportunity  to  thank  you  and  the  Water  Resources 
Board  for  your  cooperation  in  carrying  out  this  program. 

Sincerely  yours, 

Incl  JOHN  P.  CHANDLER 

As  stated  '  Colonel,  Corps  of  Engineers 
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CHlftA  DAM 
NH  00023 


EcessI^T 


MI S  GRAM 
DT] 


DTIC  TAB 

(Unannounced 
Justifioetl 


I  B”_ _ 

Dlstrib^tl^7 


Avauabiuty^— 

j A vail  and/or 
Special 


MERRIMACK  RIVER  BASIN 
PEMBROKE-ALLENSTOWN ,  NEW  HAMPSHIRE 


V/ 


PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  INSPECTION  PROGRAM 


NATIONAL  DAM  INSPECTION  PROGRAM 


PHASE  I  REPORT 

NH  00023 
190.01 
CHINA  DAM 

Pembroke- A1 lens town 
Merrimack  County,  New  Hampshire 
Suncook  River 
November  7,  1978 


BRIEF  ASSESSMENT 

China  Dam  is  a  concrete  gravity  dam  with  a  total  length  of 
about  275  feet  and  a  height  of  29  feet.  The  spillway  is  a 
run-of-the-river  structure  having  a  total  length  of  147  feet 
and  a  height  of  about  22  feet.  A  gate  house,  which  formerly 
controlled  flow  into  a  downstream  canal  leading  to  China  Mill, 
is  located  at  the  left  end  of  the  dam.  None  of  the  gates  at 
the  gate  house  are  presently  operating.  A  sluice  gate  struc¬ 
ture,  located  off  the  left  spillway  training  wall,  is  also 
not  operable. 

-ding  to  the  NHWRB  the  dam  is  owned  by  Thomas  Hodgson  and 
Sons,  Inc.  of  Suncook,  N.H.  The  dam  was  built  in  1917  to 
provide  power  for  China  Mill  downstream  from  the  dam.  The 
gate  house  was  probably  constructed  at  the  same  time  as  the 
spillway  and  remaining  portions  of  the  dam.  The  dam  is  no 
longer  used  to  provide  power. 

The  drainage  area  of  the  dam  is  259  square  miles  of  moderately 
to  steeply  sloping  forested  terrain.  Only  a  small  portion  of 
the  total  drainage  area  is  developed.  The  dam's  maximum 
impoundment  of  33  acre-feet  and  height  of  29  feet  place  the 
dam  in  the  SMALL  size  category.  In  the  event  of  a  dam  fail¬ 
ure  the  minimal  damage  that  would  occur  downstream  places 
the  dam  in  the  LOW  hazard  potential  category. 

Based  on  the  size  and  hazard  classification,  and  in  accord¬ 
ance  with  the  Corps'  of  Engineers  guidelines,  the  Test  Flood 
(TF)  would  be  between  the  50  and  100-year  floods.  Since  the 
hazard  potential  is  on  the  low  side  of  LOW,  the  50-year 
flood  was  used  to  determine  the  test  inflow. 


Identification  No. : 
NHWRB  No . : 

Name  of  Dam: 

Town : 

County  and  State: 
River : 

Date  of  Inspection: 


This  Phase  I  Inspection  R.eport  on  China  Dam 

has  been  reviewed  by  the  undersigned  Review  Eoard  members.  In  our 
opinion,  the  reported  findings,  conclusions,  and  recommendations  are 
consistent  with  the  Recommended  Guidelines  for  Safety  Inspection  of 
Tams ,  and  with  good  engineering  judgment  and  practice,  and  is  hereby 
submitted  for  approval. 


JOSEPH  A.  MCELROY,  MEMBER 
Foundation  &  Materials  Branch 
Engineering  Division 


4rv 


ARMEY  M.  -ERZIAN,  MEMBER 
esign  Branch 
rgineering  Division 


JOSEPH  jl  FINEGAN,  JR.,  CHAIRMAN 
Cnief,  Reservoir  Control  Cem^r 
^ater  Control  Branch 
Engineering  Division 


APPRO V AL  RE C OMMEND E D : 


/3. 

''JOE  3.  FRYAR  ' 

Chief,  Encineerinc  Division 


PREFACE 


This  report  is  prepared  under  guidance  contained  in  the 
Recommended  Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I 
Investigations.  Copies  of  these  guidelines  may  be  obtained  from 
the  Office  of  Chief  of  Engineers,  Washington,  D.C.  20314.  The 
purpose  of  a  Phase  I  Investigation  is  to  identify  expeditiously 
those  dams  which  may  pose  hazards  to  human  life  or  property.  The 
assessment  of  the  general  condition  of  the  dam  is  based  upon  available 
data  and  visual  inspections.  Detailed  investigation,  and  analyses 
involving  topographic  mapping,  subsurface  investigations,  testing, 
and  detailed  computational  evaluations  are  beyond  the  scope  of  a 
Phase  I  investigation;  however,  the  investigation  is  intended  to 
identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations  of  field  conditions 
at  the  time  of  inspection  along  with  data  available  to  the  inspection 
team.  In  cases  where  the  reservoir  was  lowered  or  drained  prior  to 
inspection,  such  action,  while  improving  the  stability  and  safety  of 
the  dam,  removes  the  normal  load  on  the  structure  and  may  obscure 
certain  conditions  which  might  otherwise  be  detectable  if  inspected 
under  the  normal  operating  environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions, 
and  is  evolutionary  in  nature.  It  would  be  incorrect  to  assume  that 
the  present  condition  of  the  dam  will  continue  to  represent  the 
condition  of  the  dam  at  some  point  in  the  future.  Only  through 
continued  care  and  inspection  can  there  be  any  chance  that  unsafe 
conditions  be  detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  Guidelines, 
the  Spillway  Test  flood  is  based  on  the  estimated  "Probable  Maximum 
Flood"  for  the  region  (greatest  reasonably  possible  storm  runoff),  or 
fractions  thereof.  Because  of  the  magnitude  and  rarity  of  such  a  storm 
event,  a  finding  that  a  spillway  will  not  pass  the  test  flood  should 
not  be  interpreted  as  necessarily  posing  a  highly  inadequate  condition. 

The  test  flood  provides  a  measure  of  relative  spillway  capacity  and 
serves  as  an  aide  in  determining  the  need  for  more  detailed  hydrologic 
and  hydraulic  studies,  considering  the  size  of  the  dam,  its  general 
condition  and  the  downstream  damage  potential. 
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Sediment  is  located  on  the  upstream  side  of 
the  left  third  of  the  spillway  to  within  2  feet 
of  the  left  spillway  crest. 

(3)  Inverted  "U"  Wall  (Refer  to  Fig.  3  on  pg.  B-4 ) 

The  right  canal  wall,  the  upstream  retain¬ 
ing  wall,  and  the  portion  of  the  wall  upstream 
from  the  waste  gate  are  in  extremely  poor  condi¬ 
tion.  The  vertical  faces  of  these  walls  are 
spalled  and  eroded  over  approximately  80%  of  their 
surface  area.  The  spalled  areas  at  the  normal 
water  elevation  averaged  about  18  inches  in  depth 
with  depths  of  2  feet  observed  in  some  areas. 

In  areas  above  the  normal  water  level  the  average 
depth  of  spalling  is  about  4  inches.  The  erosion 
and  spalling  is  attributed  to  ice  damage,  poor 
quality  concrete,  and  moisture  intrusion  which 
has  been  subjected  to  alternating  freeze  and 
thaw  cycles. 

The  back  side-  (eai  th  siue./  v. J  th<:  left 
spillway  training  wall  has  a  concrete  face  and  a 
batter  of  about  3  horizontal  to  12  vertical.  In 
some  places  the  original  stone  masonry  is  visible. 
The  exposed  back  face  of  the  wall  has  some  minor 
cracking  and  associated  efflorescence.  Minor 
surface  'polling  i n  the  top  surface  of  the  wall 
is  attributed  co  poor  quality  concrete  and  mois¬ 
ture  intrusion  which  has  been  subjected  to  alter¬ 
nating  freeze  and  thaw  cycles. 

The  interface  between  the  "U”  wall  and  the 
spillway  is  severely  eroded.  The  sloping  down¬ 
stream  top  (jf  the  structure  is  spalled  to  depths 
of  up  to  4  inches  over  its  entire  length.  The 
base  of  the  wall  from  the  spillway  to  the  down¬ 
stream  return  wall  is  eroded  to  depths  as  great 
as  15  inches.  The  erosion  is  caused  by  cavi¬ 
tation  and  ice  damage.  Visual  observations 
reveal  a  void  in  the  concrete  at  bedrock  level 
which  is  about  three  square  feet  in  size  and 
up  to  8  inches  deep.  The  void  is  about  2  feet 
above  the  channel.  Two  feet  above  this  point 
there  is  additional  erosion  in  the  wall  over  an 
area  of  about  16  square  feet  and  to  depths  as 
great  as  8  inches.  This  erosion  is  attributed 
to  poor  quality  concrete,  cavitation,  erosion, 
and  moisture  intrusion  which  has  been  subjected 
to  alternating  freeze  and  thaw  cycles. 


•  •  •  • 
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this  wall  and  the  adjacent  wall  is  open  and 
spalled.  Minor  efflorescence  is  present  on  the 
face  of  the  wall.  The  return  of  the  wall  is  in 
fair  condition. 

The  top  of  the  cut-off  wall  extending  into 
the  right  bank  has  rotated  approximately  6  inches 
downstream.  An  open  joint  approximately  1  inch 
wide  is  located  between  this  wall  and  the  right 
upstream  training  wall. 

( 2 )  Spillway 

This  structure  is  severely  eroded.  The 
right  third  of  the  downstream  ogee  section  (see 
photo  #4  in  Appendix  C)  is  eroded  from  the  crest 
down  for  a  distance  of  about  10  feet.  The  depth 
of  erosion  is  as  great  as  6  inches.  The  middle 
third  of  the  back  side  of  the  spillway  is  eroded 
in  a  longitudinal  pattern  with  widths  as  great 
as  20  inches,  depths  of  6  inches,  and  lengths 
varvine  from  10  to  20  feet.  The  remaining  third 
of  the  spillway  is  eroded  in  a  pattern  si  mi 1  a  - 
to  that  of  the  middle  third,  but  the  erosion  is 
not  as  severe.  The  erosion  is  attributed  to  ice 
damage  and  cavitation.  Random  open  horizontal 
joints  are  prevalent  on  the  downstream  face  of 
the  spillway.  These  ace  construction  joints  which 
have  been  subjected  to  cavitation.  Scattered 
effloresced  spots  wer  also  observed. 

The  spillway  crest  was  apparently  faced  with 
3  to  4  inches  of  granolithic  concrete  which  has 
minor  erosion  and  horizontal  cracking  over  the 
right  and  left  thirds  of  the  upstream  side  of 
the  spillway  crest.  The  erosion  is  attributed 
to  ice  damage  and  moisture  intrusion  which  has 
been  subjected  to  alternating  freeze  and  thaw 
cycles.  A  vertical  construction  joint  located 
approximately  20  feet  from  the  left  end  of  the 
spillway  and  extending  from  the  spillway  crest 
to  its  downstream  face,  has  opened  approximately 
1-1/2  inches  and  is  eroded  to  a  depth  of  3  inches. 
This  open  joint  is  attributed  to  cavitation  and 
ice  damage. 

Flow  of  water  over  the  spillway  crest 
prevented  observation  of  the  outlet  gate. 
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SECTION  3  -  VISUAL  OBSERVATIONS 


Findings 


(a)  Condition 

China  Dam  is  in  POOR  condition  at  the  present  time. 
None  of  the  gates  are  operable  and  significant  concrete 
deterioration  has  occurred  on  many  concrete  structures. 
Much  repiar  and  maintenance  of  the  dam  is  required. 


(1)  Right  Abutment  Structure  (See  Fig.  3  on  pg.  B-4 ) 

The  upstream  training  wall  has  a  back  batter 
of  about  3  horizontal  to  12  vertical  with  a  top 
width  of  18  inches  for  the  first  20  feet.  The 
top  width  is  2  feet  for  the  32  foot  upstream 
extension.  This  wall  is  eroded,  has  minor  longi- 
tundinal  cracks,  and  has  a  honeycombed  surface. 

The  erosion  is  from  ice  damage,  and  the  '!  nngi  tud 
nal  cracks  are  open  construction  joints.  The  top 
of  the  wall  is  spalled,  effloresced,  and  has  minor 
random  cracking.  The  cemented  stone  masonry  wall, 
including  the  portion  extending  into  the  right 
bank,  is  in  fair  condition.  The  exposed  surface 
of  the  cut-off  wall  penetr at ' -ig  into  the*  right 
bank  is  in  fair  condition  with  no  evidence  of 
spalls,  cracks,  or  efflorescence. 

The  downstream  extension  of  the  structure 
is  severely  spalled  with  the  sloping  top  surface 
spalled  to  depths  as  great  as  2  feet.  The  vertical 
face  of  the  wall  i.s  spalled  over  two-thirds  of 
its  area  to  depths  up  to  12  inches.  The  spalling 
starts  at  the  spillway  crest  and  continues  to  the 
base  of  the  wall.  The  spalling  is  attributed  to 
poor  quality  concrete,  ice  damage,  and  moisture 
intrusion  which  has  been  subjected  to  alternating 
freeze  and  thaw  cycles. 

The  low  downstream  wall,  adjacent  to  the 
structure  described  above,  has  a  diagonal  crack 
at  its  base  approximately  1-1/2  inches  wide  and  2 
feet  long.  The  wall  is  also  undermined  at  this 
location.  The  diagonal  crack  is  the  result  of 
stress  relief,  and  the  undermining  is  caused  by 
erosion.  The  vertical  construction  joint  between 
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SECTION  2  -  ENGINEERING  DATA 

2 . 1  Design  Records 

The  design  of  this  dam  is  quite  simple  and  incorporates 
no  unusual  features.  The  available  design  drawings  are  very 
limited . 

2 . 2  Construction  Records 

No  construction  records  are  available  for  the  dam. 

2 . 3  Operational  Records 

No  operational  records  are  available  for  the  dam. 

2.4  Evaluation  of  Data 


(a)  Availability 

The  absence  of  design  drawings  and  calculations 
is  a  significant  shortcoming.  An  overall  unsatisfactory 
assessment  for  availability  is  therefore  warranted. 


( b )  Adequacy 

The  lack  of  in-depth  engineering  data  does  not 
permit  a  definitive  review.  Therefore,  the  adequacy  of 
the  dam  cannot  be  assessed  from  the  standpoint  of 
reviewing  design  and  construction  data.  This  assess¬ 
ment  is  based  primarily  on  the  visual  inspection,  past 
performance,  and  sound  engineering  judgment. 

( c )  Val idit y 


Since  the  observations  of  the  inspection  team 
generally  confirm  the  information  contained  in  the 
available  drawings,  a  satisfactory  evaluation  for 
validity  is  indicated. 
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(e)  Dam 


E 


(f) 


(1)  Type:  concrete  gravity  ogee  section 

(2)  Length  of  weir:  147  feet  total  less  4  feet 

for  the  2  concrete  piers 
yielding  a  net  length  of 
143  feet 


(1) 

Type:  concrete  gravity  dam 

-Si- 

S  *' 

.W 

(2) 

Length:  275 

feet  + 

(3) 

Height:  29 

feet 

*■  *.•  ’  * 

-  n  •  1 

(4) 

Top  width: 

approximately  2  feet  at  spillway 

*/  “ 

-•-1SS-1 

U/S  of  spillway  -  1  horizontal 

-  -• 

. -•.J 

(5) 

Side  slopes: 

:  1;  : 

to  7  vertical 

/• 

D/S  of  spillway  -  ogee  section 

Spillway 

.# 

JL 

I 


P 


I 


(3) 

Crest  elevation:  225.8 

(4) 

U/S  channel: 

broad  approach 

from  pond 

(5) 

D/S  channel: 

rather  narrow 
between  steep 

and  confined 
banks  for  approxi 

mately  500  feet.  Below  this 
point  the  channel  widens  con¬ 
siderably  to  its  confluence  with 
the  Merrimack  River 

( g )  Regulating  Outlet 

See  Section  1.3  (b)  (1). 


1-7 


I 


•  ••••••• 


.  v ' 


40  foot  limits  for  the  SMALL  size  category  as  defined 
in  the  "Recommended  Guidelines." 


(d )  Hazard  Potential  Classification 


In  the  event  of  a  dam  failure  the  resultant  flow 
would  probably  not  cause  significant  damage  to  any  down¬ 
stream  structures  or  threaten  life.  For  these  reasons 
a  LOW  hazard  potential  classification  is  warranted  for 
the  dam. 

(e)  Ownership 

According  to  records  obtained  by  the  New  Hampshire 
Water  Resources  Board  (NHWRB),  the  dam  is  owned  by 
Thomas  Hodgson  and  Sons,  Inc.  The  firm  is  located  on 
Canal  Street  in  Suncook  Village,  N.H.  03275. 

( f )  Operator 

At  present  the  dam  is  not  operated. 

( g )  Purpose  of  Dam 

The  dam  was  originally  used  to  supply  power  to 
a  downstream  mill.  However,  it  is  not  presently  used 
for  that  purpose. 

(h )  Design  and  Construction  History 

Available  records  indicate  that  the  dam  was  ori¬ 
ginally  constructed  in  1917  and  in  all  probability  the 
gate  house  and  canal  were  constructed  at  the  same  time 
In  1950  or  thereafter  the  concrete  piers  and  the  steel 
trusses  for  the  steam  line  were  constructed  on  the  spill 
way . 

( i )  Normal  Operational  Procedures 
The  dam  is  not  operated. 

Pertinent  Data 


(a)  Drainage  Area 

The  drainage  area  for  the  dam  is  259  square  miles 
of  primarily  forested  terrain.  Developed  areas  com¬ 
prise  only  a  small  portion  of  the  total  drainage  area. 


of  this  structure  is  approximately  8  feet  wide 
and  twelve  feet  long.  The  structure  houses  a 
timber  sluice  gate.  An  outlet  tunnel  extends 
downstream  and  penetrates  through  the  spillway. 

(5)  Headworks  Structure  (See  Fig.  3  on  pg.  B-4) 

This  structure,  which  spans  the  canal,  is 
41  feet  long  and  16  feet  wide.  This  building  is  a 
wood  frame  structure  with  an  "A"  frame  roof.  The 
The  floor  elevation  is  approximately  10  feet  above 
the  spillway  crest  elevation. 

This  structure  houses  four  timber  sluice 
gates  which  are  about  6.33  feet  wide  and  8  feet 
high.  The  gates  discharge  into  an  outlet  canal. 

The  forebay  entrance  to  the  sluice  gates  consists 
of  four  6  foot  6  inch  openings  divided  by  3  inter¬ 
mediate  piers  approximately  2  feet  wide.  A  con¬ 
crete  service  platform  is  supported  by  the  canal 
walls  and  the  intermediate  piers.  Intermediate 
piers  extend  beyond  the  structure  on  the  downstream 
side.  All  pier  nosings  are  faced  with  steel 
plates.  The  downstream  canal  walls  adjacent  to 
the  building  are  concrete-faced  stone  masonry. 

The  remainder  of  the  canal  walls  are  dry  stone 
masonry.  The  canal  bed  is  earth. 

(6)  Left  End  Wall  (See  Fig.  3  on  pg.  B--4) 

The  concrete  left  end  wall  forms  the  left 
entrance  to  the  canal.  This  wall  is  approxi¬ 
mately  48  feet  long.  A  concrete  return  wall  at 
45  degrees  to  the  end  wall  extends  into  the  left 
bank.  This  wall  is  approximately  15  feet  long. 

The  top  widths  of  these  walls  are  3  feet. 

(7)  Cut-Off  Walls  (See  Fig.  3  on  pg.  B-4) 

These  concrete  structures  are  located  on  the 
left  side  of  the  headworks  structure  and  extend 
into  the  left  bank.  The  upstream  wall  splays 
away  from  the  gate  house  at  an  approximately 
60  degree  angle  and  is  20  feet  long.  The  top 
widths  of  these  walls  are  12  inches. 

(c)  Size  Classification 

The  dam's  maximum  impoundment  of  33  acre-feet  and 

height  of  29  feet  are  below  the  1000  acre-foot  and 


training  wall  is  approximately  58  feet  long,  and 
the  dry  stone  masonry  wall  is  about  20  feet  long. 

A  concrete  return  wall  is  located  downstream  of 
the  ogee  spillway  section.  The  wall  is  at  a 
right  angle  to  the  spillway  end  wall  and  is 
approximately  10  feet  long.  The  concrete  cut¬ 
off  wall  is  located  approximately  25  feet  upstream 
of  the  spillway  face.  The  wall  is  about  25  feet 
long  and  splays  at  a  45  degree  angle  upstream. 

The  walls  described  above  have  top  widths  of  18 
to  24  inches  except  for  the  cut-off  wall  which  is 
1  foot  wide. 

(2)  Spillway  (See  pg.  B-7) 

The  ogee  spillway,  which  is  approximately  147 
feet  long  and  22  feet  high,  is  a  cyclopean 
concrete  structure.  The  spillway  supports  two 
concrete  piers  located  at  the  third  points  of  the 
spillway.  A  steel  truss,  which  spans  over  these 
piers,  was  the  support  for  a  now  removed  steam 
line.  The  lower  chords  of  the  truss  are  approxi¬ 
mately  10  feet  above  the  spillway  crest.  Flash- 
board  sockets  are  embedded  approximately  3  feet 
apart  along  the  entire  length  of  the  spillway. 

A  waste  gate  outlet  opening  approximately 
10  feet  wide  and  4  feet  high  penetrates  through 
the  left  side  of  the  spillway.  The  outlet 
elevation  is  approximately  18  inches  above  the 
downstream  channel  bed. 

(3)  Inverted  "U"  Wall  (See  Fig.  3  on  pg.  B-4) 

The  inverted  "U"  wall  forms  the  right  side 
of  the  forebay  canal  entrance  to  the  headworks 
structure,  an  upstream  retaining  wall,  a  training 
wall  for  the  left  end  of  the  lower  spillway,  a 
downstream  return  wall,  and  a  downstream  training 
wall.  This  structure,  with  the  exception  of  a 
portion  of  the  lower  training  wall,  is  concrete¬ 
faced  stone  masonry. 

(4)  Waste  Gate  Structure  (See  Fig.  3  on  pg.  B-4) 

This  concrete  structure  is  located  adjacent 
to  and  approximately  10  feet  downstream  from  the 
upper  end  of  the  spillway  training  wall.  The  top 


(a)  Location 


China  Dam  lies  on  the  Suncook  River  approximately 
2000  feet  upstream  from  the  confluence  of  the  Suncook 
and  Merrimack  Rivers.  China  is  the  last  in  a  series  of 
three  dams  in  Suncook  Village,  N.H.  which  used  to  supply 
power  to  mills  in  the  area.  The  dam  is  accessible  from 
a  road  fronting  the  south  side  of  the  river.  This  road 
intersects  Main  Street  near  the  Main  Street  Bridge. 

The  portion  of  USGS  Suncook,  N.H.  quadrangle  presented 
previously  shows  this  locus.  Figure  1  of  Appendix  B 
presents  a  detail  of  the  site  developed  from  the  inspec¬ 
tion  visit  and  the  quadrangle  map. 

(b)  Description  of  Dam  and  Appurtenances 

The  dam  consists  of  the  following  components: 

1)  a  concrete  ogee  spillway  supporting  a  utility 
truss , 

2)  an  entrance  canal  and  headworks  structure, 

3)  an  inverted  "U”  shaped  concrete  retaining 
structure  separating  the  gate  house  and 
the  spillway, 

4)  a  left  end  wall, 

5)  a  right  abutment  structure, 

6)  training  walls,  and 

7)  cut-off  walls 

The  overall  length  of  the  dam  is  approximately  275 
feet.  The  top  of  the  dam  is  7  feet  above  the  spill¬ 
way  crest  elevation.  The  spillway  and  its  end  walls 
are  founded  on  bedrock. 

(1)  Right  Abutment  Structure  (See  Fig.  2  on  pg.  B-3 


The  right  abutment  structure  consists  of  an 
upstream  concrete  training  wall  with  a  dry  stone 
masonry  extension,  a  downstream  concrete  return 
wall,  and  a  concrete  cut-off  wall.  The  concrete 


PHASE  I  INSPECTION  REPORT 


CHINA  DAM 
SECTION  1 

PROJECT  INFORMATION 

General 


(a)  Authority 

Public  Law  92-367,  August  8,  1972,  authorized  the 
Secretary  of  the  Army,  through  the  Corps  of  Engineers, 
to  initiate  a  national  program  of  dam  inspection  through¬ 
out  the  United  States.  The  New  England  Division  of  the 
Corps  of  Engineers  has  been  assigned  the  responsibility 
of  supervising  the  inspection  of  dams  within  the  New 
England  Region.  Goldberg,  Zoino,  Dunnicliff  &  Associates, 
Inc.  (GZD)  has  been  retained  by  the  New  England  Division 
to  inspect  and  report  on  selected  dams  in  the  State  of 
New  Hampshire.  Authorization  and  notice  to  proceed  was 
issued  to  GZD  under  a  letter  of  November  28,  1978  from 
Colonel  Max  B.  Scheider,  Corps  of  Engineers.  Contract 
No.  DACW  33-79-C-0013  has  been  assigned  by  the  Corps 
of  Engineers  for  this  work. 

( b )  Purpose 

(1)  Perform  technical  inspection  and  evaluation 
of  non-federal  dams  to  identify  conditions  which 
threaten  the  public  safety  and  thus  permit  cor¬ 
rection  in  a  timely  manner  by  non-federal  inter¬ 
ests  . 

(2)  Encourage  and  prepare  the  states  to  initiate 
quickly  effective  dam  safety  programs  for  non- 
federal  dams. 

(3)  Update,  verify,  and  complete  the  National 
Inventory  of  Dams. 

(c)  Scope 

The  program  provides  for  the  inspection  of  non- 
federal  dams  in  the  high  hazard  potential  category  based 
upon  location  of  the  dams  and  those  dams  in  the  signifi¬ 
cant  hazard  potential  category  believed  to  represent  an 
immediate  danger  based  on  condition  of  the  dam. 
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LOCUS  PLAN 


CHINA  DAM 


_ NEW  HAMPSHIRE 

SCALE  AS  NOTED _ 

date  NOVEMBER  1978 


Overview  from  left  side  of  downstream 
channel 


The  90  degree  return  of  the  retaining  wall 
is  eroded  to  heights  of  four  to  five  feet  above 
the  channel  bed  and  to  depths  of  8  inches.  The 
erosion  and  spalling  is  attributed  to  poor  quality 
concrete,  cavitation,  and  moisture  intrusion  which 
has  been  subjected  to  alternating  freeze  and  thaw 
cycles.  A  crack  extending  the  full  height  of  the 
wall  is  located  approximately  4  feet  from  the 
downstream  end  of  the  spillway  training  wall.  The 
crack  is  about  1/2  inch  wide.  The  expansive 
forces  are  so  great  that  the  original  stone  masonry 
is  also  cracked.  The  downstream  end  of  the  train¬ 
ing  wall  and  this  portion  of  the  return  wall  are 
leaning  outwards.  A  12  inch  tree  is  growing 
behind  this  wall  and,  in  all  probability  is  the 
cause  of  the  wall  tilting.  Seepage  at  the  rate 
of  approximately  15  to  30  gpm  flows  through  the 
base  of  the  interface  of  this  wall  and  the  down¬ 
stream  retaining  wall. 

The  downstream  retaining  wall  consists  of 
2  separate  sections.  The  section  closest  to  the 
dam  is  a  stone  masonry  wall  with  a  concrete  .fac¬ 
ing;  the  second  section  is  a  dry  stone  masonry 
wall.  The  concrete-faced  portion  of  the  wall 
is  eroded  over  its  entire  length  to  depths  as 
great  as  6  inches.  This  erosion  is  attributed 
to  poor  quality  concrete,  cavitation,  ice  damage, 
and  moisture  intrusion  which  has  been  subjected 
to  alternating  freeze  and  thaw  cycles.  Seepage 
at  the  rate  of  1  to  2  gpm  is  flowing  through  the 
base  of  the  concrete-faced  and  the  stone  masonry 
sections  of  the  wall.  Seepage  flows  out  from 
the  base  of  this  wall  at  two  other  locations, 
but  at  a  much  lower  rate.  The  stone  masonry 
section  is  in  fair  condition  with  no  evidence 
of  displaced  stones,  bulging,  or  other  signs 
of  distress.  No  seepage  was  observed  in  this 
section  of  the  wall. 

(4)  Waste  Gate  Structure  (See  Fig.  3  on  pg.  B-4) 

The  structure,  located  on  the  left  upstream 
spillway  training  wall  (part  of  the  previously  des¬ 
cribed  "U"  shaped  structure),  is  a  concrete  struc¬ 
ture  housing  a  timber  sluice  gate.  The  gate  was 
submerged  at  the  time  of  inspection.  The  gate  is 
operated  with  2  hand  wheels.  The  gate  stems  pene¬ 
trate  two  11  by  4  inch  openings.  The  top  of  the 
stems  are  connected  with  a  timber  yoke.  The  bear¬ 
ing  housing  of  the  hand  wheel  shaft  has  been  discon¬ 
nected  and  displaced.  The  tie  down  bolts  have  been 
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removed.  The  gate  stems  are  in  good  condition, 
however,  the  timber  yoke  is  badly  rotted. 

Surface  spalling  was  observed  on  the  down¬ 
stream  face  of  the  cantilevered  section.  This 
spalling  is  attributed  to  moisture  intrusion 
which  has  been  subjected  to  alternating  freeze 
and  thaw  cycles.  A  vertical  crack  was  observed 
on  the  right  side  of  the  upstream  wall.  This 
crack  penetrates  through  the  platform  surface 
and  terminates  at  the  11  inch  by  4  inch  stem 
openings.  This  observation  indicates  that  this 
crack  probably  extends  to  the  sluice  gate.  Vege¬ 
tation  is  growing  in  this  crack  on  the  top  sur¬ 
face  of  the  slab. 

(5)  Headworks  Structure  and  Appurtenances 

The  building  portion  of  the  structure  is  in 
fair  condition.  The  timber  sluice  gates  are  in 
extremely  poor  condition. 

The  concrete  foundation  is  supported  by  three 
intermediate  piers  and  the  canal  walls.  The  con¬ 
crete  foundation  walls  and  the  deck  slab  are  in 
good  condition  with  the  exception  of  isolated 
minor  efflorescence  on  the  exterior  walls. 

The  three  upstream  piers  separating  the  four 
sluice  bay  openings  are  severely  eroded  at  the 
normal  water  level.  The  central  pier  is  eroded 
to  only  about  25%  of  its  initial  cross-si.  ctional 
area.  The  erosion  of  the  other  piers  has  reduced 
their  cross-sectional  area  to  about  75%  of  the 
original  area.  The  erosion  is  attributed  to  poor 
quality  concrete,  ice  damage,  and  moisture  intru¬ 
sion  which  has  been  subjected  to  alternating  freeze 
and  thaw  cycles. 

The  service  deck  spanning  the  upstream  pier 
nosings  is  spalled  over  about  25%  of  its  underside. 
The  spalled  area  is  up  to  3  inches  deep.  The 
spalling  is  attributed  to  poor  quality  concrete, 
ice  damage,  and  moisture  intrusion  which  has  been 
subjected  to  alternating  freeze  and  thaw  cycles. 
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The  three  downstream  sluice  piers  are 
severely  eroded  to  a  height  of  about  18  inches 
above  the  normal  water  line.  Similar  amounts 
of  erosion  have  occurred  below  the  water  level. 

The  depth  of  erosion  is  as  great  as  12  inches. 

The  causes  of  the  erosion  are  the  same  as 
described  previously. 

The  left  downstream  canal  wall,  immediately 
adjacent  to  the  headworks ,  is  eroded  for  a  height 
of  3  feet,  a  length  of  6  feet,  and  a  depth  of 
12  inches.  The  dry  stone  masonry  wall,  which 
was  faced  with  concrete,  is  now  completely 
exposed.  The  right  canal  wall  was  similarly 
eroded.  The  erosion  on  both  walls  is  attributed 
to  poor  quality  concrete,  ice  damage,  and  mois¬ 
ture  intrusion  which  has  been  subjected  to 
alternating  freeze  and  thaw  cycles. 

Each  sluice  gate  is  enclosed  with  a  con¬ 
crete  gate  pit  equipped  with  an  upstream  access 
ladder  These  pates  were  formerly  operated  wit! 
electric  power,  however,  power  has  been  discon¬ 
nected  to  the  structure.  The  manual  operation 
of  the  gates  is  with  two  hand  wheels.  The  hand 
wheels  were  bypassed  when  the  gates  were 
electrically  operated. 

For  identification  purposes  Gate  No.  1  is 
located  at  the  left  end  (looking  downstream)  of 
the  headworks  structure,  and  the  remaining 
gates  are  numbered  consecutively  to  the  right. 
Observations  of  these  gates  revealed  the 
following: 

Gate  No.  1  -  The  base  of  the  two  vertical 
stems  supporting  the  gate  are  rotted  and  the  top 
of  the  gate  is  rotted.  This  gate  is  in  a  partially 
open  position.  The  rack  gears  on  the  vertical 
stems  are  well  lubricated.  The  timber  gate, 
though  deteriorating,  appears  operable.  There 
is  no  visible  seepage  around  the  gate. 

Gate  No.  2  -  This  gate  is  completely  sub¬ 
merged  with  no  rack  gears  on  the  gate  stems  and 
has  no  lifting  or  operating  mechanisms.  The 
lower  portion  of  the  stems  are  rotted.  Rubble 
fill  has  been  placed  on  the  upstream  side  of 
this  gate. 
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Gate  No.  3  -  This  gate  appears  to  be  in 
similar  condition  as  that  of  Gate  No.  1  except 
that  its  right  bearing  has  been  dislodged.  At 
the  time  of  inspection  it  was  observed  that 
this  gate  was  about  one  inch  above  its  seat. 
Discharge  was  observed  through  the  gate  opening. 

It  could  not  be  determined  if  seepage  was  flowing 
around  this  gate. 

Gate  No.  4  -  The  gate  is  in  place,  but  all 
the  operating  mechanisms  have  been  removed. 

(6)  Left  End  Wall  (See  Fig.  3  on  pg.  B-4) 

This  concrete  gravity  structure  is  severely 
spalled  over  80%  of  its  surface  area.  The  average 
depth  of  spalling  is  4  inches;  the  depth  of  spall¬ 
ing  at  normal  water  level  is  about  12  inches. 

The  upstream  return  wall  is  similarly  deteriorated. 
The  spalling  is  attributed  to  poor  quality  con¬ 
crete,  ice  damage,  and  moisture  intrusion  which 
has  been  subjected  to  alternating  freeze  and 
thaw  cycles. 

(7)  Cut-Off  Walls  (See  Fig.  3  on  pg.  B-4) 

These  concrete  structures  have  diagonal 
and  vertical  cracks  on  their  exposed  faces. 

These  cracks  are  the  result  of  differential 
settlement  of  the  walls. 

3.2  Evaluation 


The  dam  is  in  POOR  condition,  and  the  condition  is  a 
direct  result  of  the  lack  of  maintenance  of  the  dam.  Severe 
concrete  erosion  of  all  major  structures  was  observed. 
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SECTION  4  -  OPERATIONAL  PROCEDURES 


Procedures 


No  operational  procedures  are  performed  at  the  dam. 

[ . 2  Maintenance  of  Dam 

No  maintenance  on  the  dam  is  presently  performed. 

1 . 3  Maintenance  of  Operating  Facilities 

Although  there  are  several  gates  that  appeared  as  though 
■  they  might  be  in  operating  condition,  or  nearly  operating 

condition,  no  periodic  maintenance  of  the  dam  is  performed. 

4 . 4  Description  of  Any  Warning  System  in  Effect 

There  is  no  written  formal  warning  system  in  effect  for 
j  the  dam. 

4 . 5  Eval  ii at  ion 

The  dam's  present  POOR  condition  is  a  direct  result  of 
the  lack  of  maintenance  of  the  dam  and  its  operating  facilities 

! 


SECTION  5  -  HYDRAULICS/HYDROLOGY 


5.1  Evaluation  of  Features 


(a)  General 


China  Dam  is  a  run-of-the-r iver  dam  on  the  Suncook 
River  at  Suncook,  New  Hampshire.  The  dam  is  about  750 
feet  downstream  of  Pembroke  Dam,  800  feet  downstream  of 
the  Main  Street  Bridge  over  the  Suncook  River,  and  2,200 
feet  upstream  of  the  river's  confluence  with  the  Merrimack 
River.  The  dam  is  a  concrete  gravity  structure  with  an 
ogee  spillway  143  feet  in  length.  The  spillway  has  a 
waste  gate  8  feet  wide  by  12  feet  long  which  is  no 
longer  operational.  There  is  also  a  canal  and  headworks 
structure  with  four  6.33  feet  by  8  feet  sluice  gates  to 
the  left  of  the  spillway.  This  was  once  used  to  supply 
water  for  power  to  a  downstream  mill  but  is  no  longer 
used  for  that  purpose. 

(b)  Design  Data 

Data  sources  available  for  China  Dam  include  prior 
inventory  and  inspection  reports.  Much  of  the  basic 
data  for  the  dam  is  contained  in  the  New  Hampshire 
Water  Control  Commission's  "Data  on  Dams  in  New 
Hampshire"  (April  26,  1939),  "Data  on  Water  Power 
Developments  in  New  Hampshire"  (April  13,  1939);  the  New 
Hampshire  Water  Resources  Board's  "Inventory  of  Dams 
and  Water  Power  Developments'  (August  3,  1934),  'Water 
Power  Developments  in  New  Hampshire"  (January  28,  1948), 
and  "Water  Powers  of  New  Hampshire"  (July  10,  1942); 
and  the  Public  Service  Commission  of  New  Hampshire's 
"Dam  Record"  (undated).  Reports  of  inspections  on  June 
5,  1918;  June  14,  1950;  and  November  29,  1977  are  avail¬ 
able,  as  are  1917  plans  and  a  1939  sketch  of  the  dam 
and  spillway  capacity  calculations.  There  are  also 
several  letters  dating  from  the  late  1970's  in  which 
the  New  Hampshire  Water  Resources  Board  attempts  to 
identify  the  dam's  owner  and  initiate  repairs. 

More  recent  data  includes  a  1977  Flood  Insurance 
Study  by  Anderson-Nichols  and  Company,  Inc.  (ANCO)  which 
covers  this  portion  of  the  Suncook  River.  This  work 
included  10,  50,  100,  and  500-year  peak  inflows,  cross- 
section  data  at  various  points  on  the  Suncook  River 
(including  the  dam  and  various  downstream  locations), 
and  HEC-2  runs  for  the  10,  50,  100,  and  500-year  flows. 


•  • 


•  •909 
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( c )  Experience  Data 


No  long-term  records  of  stage  or  discharge  are 
known  to  be  available  at  China  Dam.  USGS  Water  Supply 
Paper  798,  "The  Floods  of  March  1936",  gives  a  peak 
flood  discharge  of  12,100  cfs  at  China  Dam  on  March 
19,  1936.  This  is  the  flood  of  record  for  this  loca¬ 
tion  . 

( d)  Visual  Observations 


The  channel  downstream  of  China  Dam  is  rather 
narrow  and  confined  between  steep  banks  for  a  distance 
of  about  500  feet  to  a  location  where  the  river  is 
crossed  by  a  conduit  bridge  having  a  clear  span  of 
about  98  feet.  In  this  general  area,  a  number  of 
homes  are  located  at  an  elevation  of  about  216.9  feet, 
or  about  15  feet  above  the  stream  bed.  China  Mill  is 
at  an  elevation  of  205  feet  slightly  downstream  of  the 
bridge.  Below  the  conduit  structure  the  floodplain 
of  the  river  widens  considerably  before  joining  the 
Merrimack  River  another  1700  feet  further  on. 

( e )  Teat  Flood  Analysis 

The  hydrologic  conditions  of  interest  in  this 
Phase  I  investigation  are  those  required  to  assess  the 
dam's  overtopping  potential  and  its  ability  to  safely 
allow  an  appropriately  large  flood  to  pass.  This 
requires  using  the  discharge  and  storage  characteristics 
of  the  structure  to  evaluate  the  impact  of  an  appropri¬ 
ately  sized  Test  Flood.  None  of  the  original  hydraulic 
and  hydrologic  design  records  are  available  for  use  in 
this  study. 

Guidelines  for  establishing  a  recommended  Test 
Flood  based  on  the  size  and  hazard  classification  of 
a  dam  are  specified  in  the  "Recommended  Guidelines" 
of  the  Corps  of  Engineers.  The  impoundment  of  less 
than  1000  acre-feet  and  the  height  of  less  than  40 
feet  classify  this  dam  as  a  SMALL  structure. 

The  appropriate  hazard  classification  for  this 
dam  is  LOW.  Although  the  failure  of  China  Dam  would 
cause  a  2.5  to  4.0  foot  rise  in  downstream  water 
surface,  the  surface  would  still  be  below  a  hazardous 
level.  It  is  unlikely  that  failure  of  China  Dam  would 
cause  loss  of  life  or  serious  economic  losses. 
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As  shown  in  Table  3  of  the  Corps  of  Engineers' 
"Recommended  Guidelines,"  the  appropriate  Test  Flood 
for  a  dam  classified  SMALL  in  size  with  a  LOW  hazard 
potential  would  be  between  the  50-year  flow  and  the 
100-year  flow.  ANCO ' s  Flood  Insurance  Study  gives  a 
50-year  flow  of  12,190  cfs  and  a  100-year  flow  of 
15,115  cfs.  Since  the  hazard  classification  is  on 
the  low  side  of  LOW,  the  50-year  flow  of  12,190  cfs 
is  appropriate  for  use  as  the  Test  Flood  for  this  dam. 

The  peak  elevation  created  by  the  flow  of  12,190  cfs 
would  be  233.8  feet  MSL,  8.0  feet  above  the  spillway, 
and  1.0  foot  above  the  dam  crest. 

China  Dam  would  be  overtopped  by  one  foot  by  the 
Test  Flood  of  12,190  cfs.  However,  because  of  the  large 
channel  capacity  of  the  Suncook  River  and  limited 
development  downstream  of  the  dam,  a  dam  failure  would 
cause  little  or  no  damaging  flooding. 

( f )  Dam  Failure  Analysis 

The  peak  outflow  that  would  result  from  the  failure 
of  China  Dam  is  estimated  using  the  procedure  suggested 
ir.  the  Corps  of  Engineers  New  England  Division's  Apr-5  ■ 
1978  "Rule  of  Thumb  Guidelines  for  Estimating  Downstream 
Dam  Failure  Hydrographs,"  as  clarified  in  a  December  7, 
1978  meeting  at  the  Corps'  Waltham  office.  Failure  is 
assumed  to  occur  with  the  water  surface  elevation  at 
the  top  of  the  abutments,  7.0  feet  above  the  spillway 
crest  a'.;  an  elevation  of  232.8  feet  above  Mean  Sea 
Level  (.MSL). 

To  determine  the  normal  discharge  at  the  failure 
stage,  refer  to  the  Stage-Discharge  curve  in  Appendix 
D.  The  discharge  prior  to  failure  with  the  water  levels 
7.0  feet  above  the  spillway  would  be  9800  cfs  as  deter¬ 
mined  from  the  Stage -Discharge  curve.  The  tailwater 
prior  to  failure  would  be  212.4  feet  MSL,  13.4  feet 
below  the  spillway. 

With  a  55  foot  gap  opened  in  the  spillway,  dam 
failure  would  cause  the  flow  to  increase  by  8520  cfs 
to  17,320  cfs.  This  would  increase  the  tailwater 
elevation  at  the  dam  by  3  feet  to  215.4  feet  MSL. 


There  are  3  areas  vulnerable  to  flooding  down¬ 
stream  of  China  Dam.  Between  50  feet  and  100  feet  down¬ 
stream  is  a  group  of  houses  on  the  north  bank  at  about 
elevation  216.0  feet  MSL.  The  water  surface  elevation 
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at  the  houses  would  increase  from  211.1  feet  MSL  to 
213.6  feet  MSL,  which  would  not  cause  flooding.  There 
is  also  a  sewer  trestle  across  the  Suncook  500  feet 
downstream  of  China  Dam,  which  would  not  be  harmed  by 
a  dam  failure  flood  wave.  The  last  area  of  concern  is 
China  Mill,  which  is  on  the  south  bank  from  500  to  1000 
feet  downstream  of  China  Dam  at  about  elevation  205.0 
feet  MSL.  Dam  failure  would  raise  the  water  surface 
from  199.4  feet  MSL  to  203.3  feet  MSL.  The  mill  should 
not  be  damaged.  Below  the  mill  there  is  no  development 
along  the  Suncook,  which  enters  the  Merrimack  River 
about  2200  feet  downstream  of  China  Dam.  The  dam  failure 
flood  wave  would  quickly  attenuate  in  the  Merrimack. 
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SECTION  6  -  STRUCTURAL  STABILITY 


6 . 1  Evaluation  of  Structural  Stability 

(a)  Visual  Observations 

The  field  investigation  revealed  no  significant 
displacement  or  distress  that  would  warrant  the  prepara¬ 
tion  of  structural  stability  calculations,  based  on 
assumed  sectional  properties  and  engineering  factors. 

The  concrete  in  the  right  abutment  structures 
and  training  walls,  the  left  spillway  end  wall,  the 
spillway,  and  the  headworks  structure  are  spalled  and 
eroded.  There  is  also  some  minor  seepage.  The  gates 
in  the  headworks  structure  are  rotted. 

( b )  Design  and  Construction  Data 

No  plans  or  calculations  of  value  to  a  stability 
assessment  are  available  for  this  dam. 

( c )  Operating  Records 

No  operating  records  are  available  for  the  dam. 

(d )  Post  Construction  Changes 

The  only  post  construction  change  that  is  noted 
for  the  dan  is  the  addition  of  the  concrete  piers  and 
steel  trestle  for  the  steam  pipe  that  used  to  run 
across  the  dam.  These  additions  did  not  affect  the 
stability  of  the  dam. 

( e )  Seismic  Stability 

The  dam  is  located  in  Seismic  Zone  No.  2  and,  in 
accordance  with  recommended  Phase  1  guidelines,  does 
not  warrant  seismic  analysis. 
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SECTION  7  -  ASSESSMENT,  RECOMMENDATIONS, 
AND  REMEDIAL  MEASURES 


7.1  Dam  Assessment 


( a )  Condition 


China  Dam  is  in  POOR  condition  at  the  present  time. 
The  outward  tilting  at  the  left  downstream  training 
wall  must  be  corrected  to  prevent  a  possible  failure. 
Furthermore,  the  deteriorated  condition  of  the  concrete 
in  the  appurtenant  structures  will  require  repair  of 
the  concrete  faces  in  the  near  future. 

(b )  Adequacy  of  Information 

The  lack  of  in-depth  engineering  data  does  not 
permit  a  definitive  review.  Therefore,  the  adequacy  of 
the  dam  cannot  be  assessed  from  the  standpoint  of  review¬ 
ing  design  and  construction  data.  This  assessment  is 
based  primarily  on  the  visual  inspection,  past  perform¬ 
ance,  and  sound  engineering  judgment. 

(c)  Urgency 

The  engineering  studies,  recommendations,  and 
remedial  measures  should  be  implemented  by  the  owner 
within  one  year  of  receipt  of  the  Phase  I  report. 

( d)  Need  for  Futher  Investigation 

Additional  investigations  should  be  performed 
by  the  owner  as  outlined  in  paragraph  7.2. 

'  2  Recommenda  t ions 

It  is  recommended  that  the  services  of  a  registered 
professional  engineer  be  retained  to: 

a)  Perform  an  engineering  study  of  the  seepage  flow 
and  tilting  of  the  left  downstream  training  wall. 

b)  Perform  an  engineering  study  of  the  condition  of 
the  waste  gate,  outlet  tunnel,  and  other  struc¬ 
tures  below  the  normal  water  level.  This  will 
probably  require  drainage  of  the  impoundment 
pool . 
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(c)  Perform  an  engineering  evaluation  for  rehabilita¬ 
tion  or  sealing  of  the  sluice  gates  in  the  headworks 
structure . 

The  findings  of  these  studies  should  be  implemented. 
7.3  Remedial  Measures 


The  following  remedial  measures  should  be  undertaken 
by  the  owner: 

a)  Remove  all  trees  and  their  roots  on  either  side 
of  the  downstream  canal  with  special  emphasis 

on  the  trees  at  the  left  downstream  canal  train¬ 
ing  wall. 

b)  Clear  debris  from  downstream  channel. 

c)  Repair  all  deteriorated  walls. 

d)  Repair  crest  and  ogee  face  of  spillway. 

e)  Institute  a  program  of  annual  technical  inspec¬ 
tions  . 

7.4  Alternatives 


Breaching  the  dam  is  a  possible  alternative  to  the  above 
reoommenda  f.  ions . 
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INSPECTION  TEAM  ORGANIZATION 


Date:  November  7,  1978 

NH  00023 
CHINA  DAM 

A1 lenstown-Pembroke ,  New  Hampshire 
Suncook  River 
NHWRB  190.01 

Weather:  Overcast,  55°  F  + 


INSPECTION  TEAM 


Nicholas  Campagna  Goldberg,  Zoino,  Dunnicliff 

&  Associates,  Inc.  (GZD) 


William  Zoino  GZD 


Robert  Minutoli 
Andrew  Christo 
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Richard  Laramie 


GZD 

Andrew  Christo  Engineers 
(ACE) 

ACE 

Resource  Analysis,  Inc. 


Team  Captain 
Foundat i ons 
Soils 

Structural 

Concrete 

Hydrology 


The  inspection  team  was  accompanied  by  Mr.  Pattu  Kesavan  of 
the  New  Hampshire  Water  Resources  Board. 
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FIGURE  1 


FIGURE  2 


Site  Plan 


Plan  of  Right  Abutment  Structure 
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FIGURE  4 


Plan  of  Left  Side  of  Dam 

Elevation  of  Left  End  of  Spillway 
From  Downstream 
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FIGURE  5 


Elevation  of  Gatehouse  From 
Downstream 

Plan  of  Spillway 

List  of  Pertinent  Data  Not 
Included  and  its  Location 
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CHECK  LISTS  FOR  VISUAL  INSPECTION 


AREA  EVALUATED 

BY 

CONDITION  &  REMARKS 

C. 

Headworks  Structure  and 
Appurtenances  (cont.) 

Sluice  gates  (cont.) 

Gate  #4  completely  dismantled 
with  exception  of  gate.  One 
stem  resting  in  gate  pit. 

All  operating  mechanisms 
removed 

D. 

Outlet  Canal 

Bottom  conditions 

QC 

Silty  earth  bottom 

Trees  overhanging  canal 

Many  birches  hanging  over 
canal.  Several  bird)  trees 
growing  out  of  left  side 
rubble  wall 

RESERVOIR 

\ 

Shoreline 

No  evidence  of  slides  or  po¬ 
tential  slides  noted 

B. 

Sedimentation 

Sand  and  silt  to  within  2  ft. 
of  spillway  crest  at  left  end 
of  spillway 

C  . 

Upstream  hazards  in  the 
event  of  backflooding 

Old  mill  building  on  right 
shore  about  700  ft.  upstream 
of  the  dam 

D. 

Changes  in  nature  of 
watershed 

None  noted 

DOWNSTREAM  CHANNEL 

A. 

Bottom  condition 

Rocky 

B. 

Trees  overhanging  channel 

Several  trees  growing  in 
channel,  other  overhang 
channel 

C. 

Debris  in  channel 

A 

One  uprooted  tree  in  channel 

CHINA  DAM 

Allenstown-Pembroke ,  NH 


November  7,  1978 
NH  00023 


CHECK  LISTS  FOR  VISUAL  INSPECTION 


AREA  EVALUATED 


BY 


CONDITION  &  REMARKS 


Erosion 


Cracking 


Rusting  or  staining  of 
concrete 


Visible  reinforcing 
Efflorescence 
wuepage 
Sluice  gates 


Upstream  and  downstream 
pier  nosings  severely  eroded. 
Upstream  center  pier  eroded 
through  75%  of  its  cross 
section  at  water  level.  Right 
and  left  and  all  downstream 
piers  eroded  through  25%  of 
their  cross  section.  Immedi¬ 
ate  downstream  concrete  faced 
canal  walls  eroded  up  to  12" 
deep  at  normal  water  level 


Minor  on  pier  faces 


None  noted 


None  noted 
Minor  and  isolated 
None  noted 


Poor  condition.  Electric 
operating  drive  partially  dis¬ 
mantled.  No  power  distribu¬ 
tion  to  building.  Base  of 
2  vertical  stems  and  top  of 
gate  "1  are  rotted.  Although 
deteriorating  it  appears  oper¬ 
able.  No  visible  seepage 
around  gate 


Gate  #2  completely  submerged. 
No  rack  gears  on  stems  or 
lifting  and  operating  mechan¬ 
isms.  Rubble  fill  placed  on 
upstream  side  of  gate 


Gate  #3  appears  to  be  operab 
however,  right  bearing  is 
dislodged.  Unseated  by 
approximately  1".  Discharge 
under  gate 
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CHECK  LISTS  FOR 

VISUAL  INSPECTION 

AREA  EVALUATED 

BY 

CONDITION  &  REMARKS 

A.  Spillway  (cont.) 

Cracking 

AC 

Random  horizontal  joints 

/  1 

prevalent  over  entire  face 

! 

of  ogee  sections.  Hori- 

i 

zontal  cracks  on  granolithic 

— 

capping  over  right  and  middle 

third  of  crest  with  inter- 

mittent  vertical  cracks. 

Vertical  construction  joint 

' 

opened 

I 

Rusting  or  staining  of 

concrete 

None  noted 

Visible  reinforcing 

None  noted 

* 

Efflorescence 

Minor  at  random  locations 

■ 

Seepage 

None  noted 

•W  . 

■  5.  ;Vaste  Gate  Structure 

Condition  of  concrete 

Fair.  Downstream  face  of 

cantilevered  section  spalled 

Gate  operating  mechanisms 

Fair 

Timber  sluice  gate 

Submerged 

Gate  stems 

Fair 

Gate  yoke 

* 

Rotted 

Tunnel  outlet 

Could  not  be  observed 

C.  Headworks  Structure  and 

i 

Appurtenances 

i 

General  condition  of 

building 

Fair,  lacks  maintenance 

k 

General  condition  of 

A 

concrete 

Poor 

•  • 


-  n *  . 
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AREA  EVALUATED 


CONDITION  &  REMARKS 


Cut-off  Walls 


Condition  of  concrete 
Spalling 


Erosion 


Cracking 


Rusting  or  staining  of 
concrete 

Visil-De  reinforcing 
Efflorescence 
Seepage 
OTiT'f i  WORKS 


Fair 


None  noted 
None  noted 

Horizontal  and  vertical 
cracks 


None  noted 
None  noted 
None  noted 
None  noted 


A.  Spillway 

Condition  of  concrete 
Spalling 


Erosion 


Poor 

See  erosion 

Severe.  Right  third  of  ogee 
eroded  from  crest  downward  for 
10’,  up  to  6"  in  depth. 

Middle  third  has  erosion  pat¬ 
terns  18"  to  20"  wide  tapering 
to  6",  10’  to  30’  long  and  up 
to  6"  deep.  Left  third  simi¬ 
lar  to  middle  third.  Minor 
erosion  on  crest  granolithic 
capping.  Vertical  construc¬ 
tion  joint  20’  from  left  abut¬ 
ment  eroded  up  to  3"  deep 
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CHECK  LISTS  FOR  VISUAL  INSPECTION 


C. 


o . 


AREA  EVALUATED 


Left  Spillway  End  Wall 
and  "U"  Wall  (cont.) 

Seepage 


Dry  stone  training  wall 

Left  End  Wall 
Condition  of  concrete 
Spalling 


Erosion 

Cracking 


Rusting  or  staining  of 
concrete 

Visible  reinforcing 
Efflorescence 


Seepage 


CONDITION  &  REMARKS 


ft 


Pi 


Seepage  at  the  rate  of 
15  to  30  gpm  is  flowing  out 
of  the  interface  of  the  down¬ 
stream  concrete  faced  and  dry 
stone  masonry  wall.  Seepage 
is  flowing  at  the  rate  of  1  to 
2  gpm  under  the  downstream 
concrete  faced  wall.  Seepage 
at  less  than  0.5  gpm  is  flow¬ 
ing  through  the  base  of  the 
connection  between  the  return 
wall  and  the  downstream  wall 

No  evidence  of  displaced 
stones,  bulging  or  other  signs 
of  distress 


Very  poor 

Extensive  over  entire  length 
and  return  into  left  bank. 
Spalled  up  to  80rc  of  their 
vertical  faces.  Average  depth 
4",  up  to  12"  at  normal  water 
line 

See  spalling 

Random  cracking  over  balance 
of  wall 


None  noted 
None  noted 

Front  face  of  wall  above 
spalling 

None  noted 
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!  CHECK  LISTS  FOR  VISUAL  INSPECTION 


AREA  EVALUATED 


CONDITION  &  REMARKS 


C. 


Left  Spillway  End  Wall 
and  "U"  Wall  (cont.) 


Erosion 


Cricking 


Rusting  of  staining  of 
concrete 


Visible  reinforcing 
Efflorescence 


Pi 


See  spalling.  Interface 
between  abutment  and  spill¬ 
way  eroded  up  to  15"  deep 
over  its  entire  length.  Void 
in  concrete  at  bedrock  level 
3  s.f.  x  8"  deep.  Additional 
erosion  2'  above  approxi¬ 
mately  16  s.f.  up  to  depths 
of  8” 


90  return  wall  eroded  from 
base  up  4'  with  depths  up  to 
18" 


Base  of  downstream  training 
wall  eroded  over  its  entire 
length  up  to  24"  deep 


Random  cracking  on  front  and 
back  face  of  right  canal  wall, 
upstream  end  and  left  wall  up 
to  waste  gate  structure. 

Corner  of  return  wall  has 
crack  1/2"  wide.  Downstream 
end  of  abutment  deflected  out¬ 
ward.  Stone  masonry  under 
this  wall  cracked  due  to  out¬ 
wards  deflection 


None  noted 
None  noted 


Front  and  back  face  of  right 
canal  wall,  upstream  end  and 
left  wall  up  to  v  te  gate 
structure  effloresced  over 
non-spalled  areas 
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AREA  EVALUATED 


CHECK  LISTS  FOR  VISUAL  INSPECTION 


CONDITION  &  REMARKS 


None  noted 

Minor  at  top  of  upstream 
training  wall.  Minor  on  ver¬ 
tical  face  of  downstream  low 
wall 

Minor  seep  (less  than  .05  gpm) 
at  the  base  of  the  downstream 
end  of  downstream  training 
wall.  Water  is  clear 

Minor  on  upstream  training 
wall 

The  cut-off  wall  has  > l a. led  { 
downstream  6"  +  with  a  1" 
open  joint  adjacent  to  up¬ 
stream  training  wall 


No  deficiencies  noted 


Very  poor 

Extensive  along  entire  length 
of  right  canal  wall,  upstream 
wall  and  left  wall  upstream 
of  waste  gate  structure. 

These  walls  spalled  over  80% 
of  their  vertical  faces. 
Average  depth  of  4".  Spalling 
at  normal  water  line  averages 
18"  deep  up  to  2'  high.  In 
some  cases  up  to  2'  deep. 

Minor  surface  spalling  on  top 
of  wall 

Top  of  sloping  downstream  wall 
spalled  up  to  4"  deep  over  its 
entire  length 


*  -  V  —  V.  - 


\r"’r*xrsT 
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CHECK  LISTS  FOR  VISUAL  INSPECTION 


AREA  EVALUATED 


CONDITION  &  REMARKS 


DAM  SUPERSTRUCTURE 
A.  General 

Vertical  alignment  and 
movement 

Horizontal  alignment 
and  movement 


B.  Right  Abutment  Structure 


No  deficiencies  noted 


Left  downstream  training  wall 
deflected  outward 


Condition  of  concrete 


Spa] ling 


Erosion 


Cracking 


Poor 

The  top  of  the  upstream  tia.>) 
ing  wall  has  been  subjected 
to  minor  surface  spalling. 
Downstream  extension  severely 
spalled,  up  to  2'  on  top 
sloping  surface  ^nd  over  2/3 
of  Its  vertical  lace  up  to 
depths  of  12".  Vertical  con¬ 
struction  joint  between  end 
of  sloping  wall  and  continua¬ 
tion  is  spalled 


Face  of  upstream  training  wall 
subjected  to  surface  erosion 
at  normal  water  level .  Down¬ 
stream  sloping  wall  is  eroded 
over  entire  length  of  inter¬ 
face  with  bedrock 

Minor  longitudinal  cracks  on 
upstream  training  wall.  Minor 
random  cracking  on  top  sur¬ 
face.  The  downstream  low  wall 
has  a  diagonal  crack  1-1/2" 
wide  and  2'  long.  Vertical 
construction  joint  opened 


Rusting  or  staining  of 
concrete 


None  noted 


NOTE  DRAWING  HA j  B-iN 
SCALES  ARE  NOT  AS  SHOW 


The  New  Hampshire  Water  Resources  Board  (NHWRB)  located 
at  37  Pleasant  Street,  Concord,  NH,  03301  maintains  a  compre¬ 
hensive  correspondence  file  for  this  dam.  Some  of  the  items 
included  in  the  file  are: 

(1)  USGS  "Report  on  China  Dam"  dated  June  5,  1918. 

(2)  NHWRB  "Inventory  of  Dams  and  Water  Power  Develop¬ 
ments"  dated  August  3,  1934. 

(3)  The  New  Hampshire  Water  Control  Commission's  (NHWCC) 
"Water  Power  Developments  in  New  Hampshire"  dated 
April  26,  1939. 

(4)  NHWCC  "Data  on  Dams  in  New  Hampshire"  dated 
April  26,  1939. 

(5)  NHWCC  "Petition  for  Approval  of  the  Construction 
or  Repair  of  Dam"  dated  October  16,  1950  regarding 
the  construction  of  the  steam  line  structure. 

(6)  NHWRB  inspection  reports  dated  June  1950  and 
November  1977. 
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3.  View  of  right  abutment  from  left  side 
of  spillway  showing  bedrock  foundation 
and  deterioration  of  concrete 


4.  Detail  of  above  photo  showing 
deterioration  of  spillway 
surface 


View  of  deterioration  of  concrete  facing  on 


upstream  end  of  natural  ground  between  main 


channel  and  diversion 


6.  View  of  deterioration  of  upstream  face  of 
spillway  crest  from  upstream 


7.  View  of  upstream  side  of  abandoned  gatehouse 
showing  deterioration  of  concrete  training 
walls 


Detail  of  above  photo  showing  deterioration 
of  concrete 


C-6 


Ifcb  CUi'nfc  ,  *  14  7T6/ f,.  I 

Q{ tiAf-  ^y>^»  charge  Curv'e'. 

%e  in  for**.cAiOn  ust^  4o  s  tv  'f'Uc  trOSS-SC-c^ 

at  cl  inaD^M  cJQS.  Je'fe/'tvu'ntJ  &t  (it(& /jotzs,  old}  pld/f^OnJ 

AVCO  P^S  Quruty  no-kh.  I  V 


0^»\feV\iu5t 
M>*  v 


CW.i) 


i  W^i 


3 ol  ^ 
(ISJ-O 


H-o  Lhv„ . I.**1  I  Oil  1^^ 

^ac  jiSrX\jvr^e  OJer  H^aj?  pco£\W  $lio<Pv'A  ,<  £$u.W-*Af  (< 

4Vo^  Ov/tr  >il\vs  <>fO'4vlQ’;  , 


W-C?  a.^  b^‘\\^o^y  OCe-,-V 

for  Vn- 0  \o  *V 

Q*"iA  (jqy)  (j\V ,l 

G»  -  Q^'Qm' (7c  :0  0-2 


O^ec  uafeir 

C'3.1 


Da  r^\  «4y 


Civ  r'U  Da*h i  W 


7?6,Z/'3/^/>  2 


■for  LroaA-CmltJi 
ecxrik  ojeir  O^ercro^r, 

1 

fcr  slvtvr  j>-cre«,^cP 
\jJ(r  \  r 

^±L±±2 

kc  krOet^'t-css-M* 
ea  rtU  ioe>c 
-^C-2-*  I 


(or  K->4c^  (  - : - ,. 

.  ^/(  _\ }>h  W  hroafi' CmltJj 

0.  ^ -  2  S  (U~^  J  Udell*  ojeir  0</erjro*>n 

0-,  -  i.'bi^o)  tk-?)*h  ==M - =! 

v  t.,  4or  ^Utvrp-tre^cP 

Qb '  2.SC2°XK-^)  cr3 

&((  oi/>civCio^e^ - 

.  ( or  kroct^'trj?^ 

•foe  U>  (  -  ea^tU  u>eic 

a  7  iLlo)ik-ci)  - 1 

Cnl(  oHW<^>  Uri  oU.a/Uje'cP  • 

A  pro^a.ns\  *k>  Calu4.lata  cx  -  J;scLar^  e 

Curve  is  shoo*''  0rx  $  ^  2>~  S' 

^/\£  r e  >5  cv^  Wver  $a»v\  u)iu  llv  ce>ul$  be  /v\Q(^e 

O^efc^U  ,  %[<>  ^'Xlfc1  ^af*  (eafc  4©  o,  M'  x.  \0‘  eoncfuiV 
"Hvn'OUO^n  HVe  \  \VvUovy .  l£  uJ&  Q.SsU,mfe  'fVai  M'/|0'  conA 
conVroW  ftu;  as  a.  sk+  (>)\4V  \rver4-  2o'  ber/o^o  vf»Tc spills 


-• . 


•  » 


cre9 


'fliis  £?aa.4ion 


Q--  A  1/1^  ca  oTh 

A  -  £^cec\'-HD  sg.'Q-. 

K  -  aiif^e  b\eafi  -  ft  .  . 

C1-.  Co^Cicin^--  C  '-  C 

(J  i+V  fKe  (/Jo-W  C ar^ce  exf  'ft*  5  f  i  \l uJ>^/- 

I  Q-  (ft^  (.G/ J-T)  \  T5  *  -  ^*56  c-fs  .  x-rtw«,vH\ 

CouJiXft.f//  83>C  cfs  oO  'fta  uxbr  Q-i  Sj>)  ijiJQy  )g.oe-/  i4  ifu^rc  reje 

!  Bn^tnter Hy^fagUc^  ^  .^^-3  t  f i5u.se  ‘ife,^ouse|f .  SD 


-9  ..,.-t. 


•  • 


/v.  \  ^* 


f  9 


• 

> 

a 

3 

_j 

_i 

*-4 

to 

a. 

10 

co 

*4 

Ui 

CD 

• 

O 

o 

> 

*“> 

IS 

<r 

oc 

"T 

•fc 

-J 

3C 

© 

_J 

<Z 

<t 

M 

o 

Ui 

a. 

~T~ 

co 

<£ 

s 

X 

u. 

o 

X 

X 

CD 

o 

x 

* 

o 

X 

ui 

*-« 

x 

X 

H 

<E 

o 

a 

CD 

oc 

x 

CD 

=> 

H- 

u. 

X 

Ui 

19 

o. 

<r 

»-« 

oc 

?.3 


oc 

© 


to 

a 

£ 

<r 

o 


a 

oc 

u)  <r 

oa  x 

OCVO  W 

a.  x 
ui  u 

Ui_J 

u*-«  x 
ocu.  o 
«  oc 


s 

Ui 

C3 

OC 

<r 

X 

o 

co 

*—€ 

O 

■ 


A 

to 


x 

00 

s 

X 

X 

<r 

to 


a> 

ro 

s 


o  u_in 

w  Ui  • 
■  JO 


cm  xa. 

M  00  Ui 

-  _  aa^  »■*  ►— 

OO  q^OaO JO 

<n~4  ui  to  ui  h- <r»  x 

t-i  l3*4l*HUi^HW 

OUJ  OC  *  Ui  0-"* 

ol  auHUU.OH 

Ui<t  IZWZ'-'Z*  o 

UH  <J -  •"•►—t— 

oc  wwswHwin 

HZ  MD\D*iO^O 

0)0  o  « 

H-Uit-UJI-Ui 


to  to 

•  • 


A. 

A, 

N 

I 


A 

A 

C-'i 

I 


..  ..Ui  2UZOZU  9  CD  CD 00 
EZO*-im^m®w<iO:  *  H  H  II 
uiui<rococz;Qcxocxp^|CJ^;to 
(V/V()  f)  o  Ma-HQ.HU.OOQQ 

WfflO®©0000®Q®0®00000®ffl®fi5000®0®0 

•2  o  .-«  cm  ro  to  co  r*  oo  O'*  ®  *-•  cm  ro  to  to  r-  oo  ©  «•*  cm  ro  3"  |2  iS  £:  2 
2  2  £  S  -4  Z  :4  w  ^  2  <\J  cm  cm  <\j  cm  cm  cm  cvi  cvj  <vi  ro  ro  ro  ro  ro  ro  ro  ro  ro 


+*  ** 
to  to 
to  to  • 

•  •  O  o 

v  v 
IO  O  <-  ♦-  -H  CD  ♦♦ 

i(VJ  AAA(VjA 

^ror-rwfN-rook 
4-  i  t  i  i 

xzxxxxx 
-K  ui  ^  'W  Ui  ^ 

fOX**XX* 

^HNOOHO 

-r-i  roro  cm  —• 
■*  r- * -*  •*  cn -* 
r>-  h  to  ro  co  n  co 

•  V'  •  •  •  V  • 

>  ro  x  cm  ro  cvj  x  <vi 
U  M  N  N  ■ 
>rOU-C\JM- lOU--« 
IOhOOOmO 


a 

rorw 

C5-* 

m  » 

CM© 
t—  00 


»-o 

*IO 

ro~« 

►—  ^ 

•© 

It 

•  ><H 

CD  • 

VOO 

ro*-« 

rouo 

0X04 

+  M  ft 

CMM-CMCOt- 
OOt-  3CM_ 

♦  ♦  +  x 

-^lO'-'H-Ui 
OOt-ZUh 
h  a  n  h<ixo 
^cmioocxuiz 

HHHIL^ZUi 


D-4 


V"  V 


4)5  Sa.Xe.-ry 


Clv^o  TU  ,zl?5l*7  )>. 


•  • 


lc6T  VlOOfc  A/JAty LIS: 

Si 6(c,^<,i’Xl(.Qflorl  ;  £mau_ 

CUA^SiPicATicw; 

'iVe  W^fcarfi.  claSi  iQcJS/kort  »**  botO  trtaute  Ylw  fi.'  '  Jf< 

o$r  c[uW  'bcxwv  oOduiA  Megi-Xt  Or  /Id  .£iVj{\\ftcAr>-f  ^cw^sVo 

4tDo^.irj^.  i1\e  At  |u/£  COout$  CAUS>£  Ck  Z.S’,”'V'  /rse  »Vi  doutni'frea** 

ujaitr  kseUj  Sw-f  “fU*  XXo  u><^>  oulfi  n  b/ou>  ftu  [Metyh 

jaase  d^cirviacje, 

i  72^4  F/uex^;  SOyear  jo  !£>oytar 


A _ • 


I  •:  -  .  ■  ■  r  4 

|  AfJto  ^  -Crffy'  year  (f^Lurjt  of  IL^^Oc^i  ckaAc\  (00  year  v 

l^scJmcy  of  fSTjl/b-  cA^>,  because  4!ta  k.ceto./£  ^  &>co  s/Adf  7.  ■  '/■> 

\Lui')k  ^!l(  use  ft,  ic)0  e£.  f  It,  tjvc-Q^  ij-fj  C£h) 

Dot  40  'flAc  lar^e ^rai'/\c^e  *.0^  C  Se<r  Maf  ,p.r?)  a-dwalf  ■v:::'.::->:-?: 

^k)fOUje  0~\Jd i  |<kWfe  [  Storage  '  SLeubtion  turi*y  f ,  ^  'ftaJ  u'o 7\'.:':S::; 

ftoV  W  s»^£cA*4\y  atUm4aXt<f  ^  %c  heluVcP  Cti.Vo 

vtVe  f  fou)  of-  cAk  LoD(aW  ^rdef^ce  ^  S'ltXP^e  of  5i_.  ... .t  . 

ftboiA  ^ sO 1  aUv/e  *ttu  ^ j ;\luJo\y  Q|.o'fifch/e  Hu  d?a^  c re s/y  zlei'oSton  £:< :;>:;.f: 

£33  .V")  k:£;*k: 

/  •  • 


•  • 


«L.  _.  «L 


D-17 


■58BBBH 


Ele /oHoo  rtf'  Mp5Ke«xir/i  &M oV  '  *c\V\\\\  cxf3^^ 

f  &C0#\  AA?CQ  V-T**) . .  . .  i  i  1-T 


■■■■■■■■I 

BBBBBBBBI 

■■mini 


imuiaummuHn 

■niimiuninn 
lanranmuum 
nnniimimiinlHHii 
luiiiLUininuniioiiiuiii 


■■■■■■■ 


■■munmimniniimMni 

immMiimunmiumiHi 

iiniauuiiimmiaimmiin 


ibbbbbbbbb^bbbbbbbbbbbbbbbbbbbi 

iiiiHminHiHniuniHmii 


■■■■■■■■■ 

IBBBBBBBI 

■■■■■■■■I 

■■■■■■■■I 


Ml 


IBBBBBBBBBBBIVBBI 

IBBBBBBBBBBBB.BBBI 


■BBBBBBBBBBBBI 

IBBBBBBBBBBBBI 

■BBBBBBBBBBBBI 

IBBBBBBBBBBBBI 


IBBBBBBBBBBBBBBBBkXBBBBBBBBBBBBBHB 
■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBi 
IBBBBBBBBBBBBBBBBBkIBBBBBBBBBBBBBBI 
■■■■■■■IkUBBBBBBIBIIBI 


IBBBBBBBI 

IBBBBBBBI 

IBBBBBBBI 

IBBBBBBBI 


BBBBBBBBBBBBBBBBI 


IBBBBBBBBBBBBBBBBklBBBBBBBBBBBBBBBI 

IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI 

IBBBBBBBBBBBBBBBBBilBBBBBBBBBBBBBBI 


mil 

■a^BI 

tvi 


■BBBBBBBBBBBBBBBBBBB BBBBBBBBBBBBI 
KflBBBBBBBBBBBBBBBBBBkBIBBBBBBBBBBI 
IBBCBBBBBBBBBBBBBBBBIBBBBBBBBBBBI 
IBBBBBBBBBBBBBBBBBBBB11BBBBBBBBBBI 
IBBBBBBBBBBBBBBBBBBBBL’BBBBBBBBBBI 
RBBBBBBBBBBBBBBBBBBBBBilBBBBBBBBBI 
■BBBBBBBBBBBBB  ■  ifllBBBBBC 

EflBBBBBBBI  1HBBBBB  BBBBBBBBBBBBI 
■BBBBBBBBBBBBBBBBBBBBBBHBBBBBBBBI 
nSBBBBBBBBBBBBBBBBBBB  BBBBBBBBBBBBI 
IBBBBBBBBBBBBBBBBBBBBBBBBBilBBBBBBBI 
IBBBBBBBBBBBBBBBBBBBBBBBBBkBBBBBBBi 
il  fllBBBflflBBBBBflllBI  ilBBBBj 


IBBBBBBBI 

IBBBBBBBI 

IBBBBBBBI 

IBBBBBBBI 


IBKCIBI 


IBBBBBBBI 
IBBBBBBBI 
imiH 
IBBBBI 
IBBBBi 
IBBBBI 


BBBBBBJOI 
■1BBIRMI 


BBBBBBBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBBBBBBI 

B IH  11 B 

IBBBBBBB BBBBBBBBBBBBI 

■bbbbbbbbbbbbbbbBbbbi 

Ibbbbbbbbbbbbbbbbbbbi 

VBBlBBBBBBBBBBBBBaBBBBBBI 

BBBBBBBBBBBBBBBBBBBBBBBBI 


■BBBBBUBBBBBBBBBBBBBBBBBBBBBBBBKkf 
IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBTVlBa 
IBBBBBBBBBBBiilBBBBBBBBBBBBBBBBBBBBBBBBBBI 
IBBBBBBBBBBBBEBBBBBBBBBBBBBBBBBBBBBBBBBBI 

ibbbbbbbbbbbbb.ibbbbbbbbbbbbbbbbbbbbbbbbbs 

■BBBBBBBBBBBHBBBBBBBBBBBBBBBBBBBBBBBBB>1 
■BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
|Bfl  IBBBBBBI  IB 


liwl 

ibbbbbbbbbbbbbbbvbbbbbbbbbbbbbbbbbbbbbi 

ibbbbbbbbbbbbbbbiibbbbbbbbbbbbbbbbbbbbbi 

IBBBBBBBBBBBBBBBI'BBBBBBBBBBBBBBBBBBBBBI 

IBBBBBBBBfBBBBBBBBBBBBBBBBBBBBBBBaBBBfll 


SS85SS5SSSSS888888S5SS&I 

BBBBBBBBBBBBBBBBBBBBBBBI 

BBBBaiBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBBBBBBI 

BBBBBfiBBBBBaBBBBBBBBBBBI 

8|BBBBBBBBBBBBBBfifififiBfifiM 

■bbbBbbbbbhhi 


88888888 

Bubibi 


IBBBBBBBBBBBBI 

IBBBBBBBBBBBBI 

IBBBBBBBBBBBBI 


!B8S8SS8Si 

Mncium 
IWBbbbbbbw; 
uMIbbbbbb*; 


IBBBVBBBBBBBI 
IBBBllBBBBBBBI 
IBBBIIBBBBBBBI 
■BBBF.nBBBBBBI 
IBBBkVJBBBBBBI 
IBBB BBBBBBBBI 


IBBBBBBBBBBI 

IBBBBBBBBBBI 

IBBBBBBBBBBI 

■  BBBBBBBnl 

IBBBBBBBBBI 

IBBBBBBBBBI 

8188888831 

iBimaail 

ibbbbb! 

BUBHBBa 


IBBBBI 


■■■—■■■■  un 

—■——■■— ■■■■—■■■— ■■■■■■ w 


■1  ■■■■■■»■■■■■■■■■■■■■■■■■■■■  ■*■■■■■■■■■■■■■ 

!■■■■■■■■«■ ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■i 
(■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 

!■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

(■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ai 

(■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 

I  ■■■■■■■■■■  ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■un 

(■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■i 

(■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■i 

(■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■i 

(■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■i 


IBBHIIliM 


■■■■■■■■■■■■■■I 

lunoiimmuH 
■■■■■■■■■■■■■■■■^ji 
!—■■—■■■■■■■■£■, 
■■■■■■■■■■■■■■  BHU 

■■■■■■■■■■■■■a  Bl^B 

■■■■■■■■■■■■■■■9 


!■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
!■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■  ■! 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 


»■■■■■■—■■■■■■■■■■■—■■■■■■■■■■■■■■■■■■— ■! 
^■■■■■■■■■■■^■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 
[■■■■■■■■■■■■■^■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■l 
>■■■■■■■■■■■■■■^■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■1 
(■■■■■■■■■■■■■■■^■■■■■■■■■■■■■■■■■■■■■■■■■■■■■l 
!■■■■■■— ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■—■  i 
(■■■■■■■■■■■■■■■■^■■■■■■■■■■■■■■■■■■■■■■■■■■■■i 
(■■■■■■■■■■■■■■■■■^■■■■■■■■■■■■■■■■■■■■■■■■■■i 
■■■■■■■■■■■■■■■■■■■*■■■■■■■■■■■■■■■■■■■■■■■■■■1 
(■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■i 

!■■■■■— ■■■■■■■■■■■^■■i— ■■■■■— 

I  ■■■■■■■■■■■■■■■■■■■■  mnnmimnmmmn 

(■■■■■■■■■■■■■■■■■■■■■^■■■■■■■■■■■■■■■■■■■■■■■i 

[■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■i 
[■■■■■■■■■■■■■■■■■■■■■■^■■■■■■■■■■■■■■■■■■■■■■i 
■■■■■■■■■■■■■■■■■■■■■■■■^^■■■■■■■■■■■■■■■■■■■■i 
■■■■■■■■■■■■■■■■■■■■■■■■^■■■■■■■■■■■■■■■■■ifl 


»■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
!■■■■■  ■■■■■■■  ■^^■■■^■■■■■■■■■■a 

■■■■■■■■■■■■■■■■■■■■■■■■■iraimnmmiui 
■■■■■■■■■■■■■■■■■■■■■■■■■■^■■■■■■■■■■■■■■■a 
■■■■■■■■■■■■■■■■■■■■■■■■■^■■■■■■■■■■■■■■■1 
■■■■■■■!-."■■■■■■■■■■■■»?;..  ■■■■■■■■! 
■  i 1  *r  "•  *  ■■  I  ■■■■■■■■■■■■'  ■■  V>  !■■■■_'  «■■■■■! 

i  gas1  I  •  1 .  isagi  is  *'■■■■■•  i 


•■■■■■■■■■■I 


!■■■■■■■■■■■■■■■ 

■■■■■■■■■■■■■■■■I 


»■■■■■■■■■■■■■■— 


■■■■■■■HBiBHHmimminiiimMmniiHimBiiniBBS!  SSS 
■■■■■■■■■■■ggBi!!ai!!!!9i!!m!unAmmnmmmmnumi 


■  ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 
■  ■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■^■■■■■■■■■■■■■■■■■■■■■1 
!■■■■■■■■■■■■■■■■■■■■■■■■■■■■—■■■■■■■■■■■■■■■■■——■■■■■■■■— 
■■■■■■■■■■■■■■■■■■nnmnuimniumHniumnmnmnB 
■■■■■■■nmumnHnuiHiiniiiiiiiiiiBiiiuiiiiiiiiiiiin 

(■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■^■■■■■■■■■■■■■■■^1 
•■■■■■■■■■■■■■■■■■■■nmuuaummnmu'muumnmi 
!■■■■■■■■■■—■■■■■■■■■■——■■■— ■■■■■■——!■■■■■—■■  Wl 
[■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■IXBHBBBBBaBBBBBI^^H 

«■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■  i— ■HjmuwymM 

■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 
(■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■iin 

nMwmBimBm—wwMwwmwB—w— —■■■■■«■■■■ 
!■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■  Ria 

;■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■  ■■■■■■■Dll  ■■■■ 

^■■■■■■■■■■■■■B»BiBi»— — bUbf*—1 ■■■■■■■■■■■■■■■■— ■■■■■—BBM 


— 


HkfJ  C  L^r.cA,  TP  N  TCi~f  l/li/llj  p  > 

4bou4  S^'lOo'  d^OoJ'nbWc^AA  o(  M'V*  HWce  O.ce  A>u'.r 

l\^ujti  ^  U>'4U  "fW  o \k>/\ P  "£t stfrs  tt."t  2  t6,o  1  HSL •  T^i#  l^i\cl*J3.fGjt- 

6U^fi\ion  (Jx<\tt  (or  til,  SuacooU  S-iv/cr  a-l  VKeSt  l\X)USe$  is  on  p„  ‘V 

.  B>e.4t>rt  ■Wurc  .-  Cl-I^oo—*  211,1 1  M^c 

^5»vlu.ff.’  1% tZ2o->  l&^'MZL'  The  ha  u$e s  are  ^o-/* e^itfri 

by  7W  CjQ  s/C.. 

<>e.coer  tlie  Su.f\(oot( 

sf«,a*v  c£  tW  <^olw\  v*  tu^Ld-nOu^U  14  uJou.l$  v.A  h*  a£&ck# 

ky  tV  £L>o$uJMt0r  avvbVnci  ^w5i 

ok;  no.  K;v\  S  on  'Hie  SouAtv  WaL  Cod/v\  Sdo'  1o  tf>oo' 

do(j) risked^  o-Q  cIa-v.^  .  "lt\ft  bi's&c/koLfijt  ^nA'fto  r\ 

4Ve  ^uv\toaU  air'lV  u^skeo.*^  enfi o{  'tW  fcc&cytS-  cuVno/x  ^ kcWy 
,:y  A  'V  fele-/a4v.'v)/i  i0<r(0  :  MSL  C$c<>  un$  •fG»er'). 

fefoCe  kuWe-*.  Q  ?  ^00 ds,  -*•  f^M  ' 

A^kr  G,(u.re:  Q--  2-oS.V  PU£-  .  Ykt  klc  4o  ry  i-,d  Ik 

Ovloov/e  tke  <fcs.w\  ^.iWe'fkoj!  u)av/e  • 

CcW>jav\$  tWe  c^n'f^Aence  oO  xtV'^V^ 

t\e<‘(v/Y\GU'U  fi\fc<e  0.re  r\0  sWcW*S  \r\  YW  ^g$U  U^»ue. 


■  .'  V  '  ■■  •-■-  o 
A’.'-V-'.  •-■.■.• 
■‘•V-V- VV-V, 
k:-:->>:---:o 


• _ • 


•  • 


n-14 


,- -  .v  .O  ■, 
»_*  «.'  -  -V  ••■', 


most  uw 


cesiMAPLtim 


SUNCOOK  RIVER  DOWNSTREAM  OF  CHINA  DAM 
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DISCHARGE  FROM  CHINA  DAM  AS  A  FUNCTION  OF  HEAD  ABOVE  SPILLWAY 
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